By adopting a complex formulation of Ohm's law, we arrive at combined equations connecting the conductivities of conductors. The horizontal resistivity is equal to the inverse of Drude's conductivity ( 0  ), and the vertical resistivity ( y  ) is equal to the Hall's conductivity ( H  ). At high magnetic field, the horizontal conductivity becomes exceedingly small, whereas the vertical conductivity equals to Hall's conductivity. The Hall's conductivity is shown to represent the maximal conductivity of conductors. Drude's and Hall's conductivities are related by 0
Introduction
Drude had explained the electrical conductivity of metals by treating electrons in the metal as a gas performing diffusive motion [1] . Accordingly, he found that the dc conductivity of metals to be 2 0 ne m  , where n and    are the number density and relaxation time of the electrons, respectively. However, Drude's model was confronted with several problems. In Drude's model electrons are distributed according to Maxwell-Boltzman distribution. Since electrons are fermions, Sommerfeld adopted a Fermi-Dirac distribution for electrons, and thus generalized the Drude's model [2] . Electrons in conductors move on the surface which is two dimensional. Hall found that when a current passes in the x-direction of a conductor placed in a transverse magnetic field (along z-direction), the magnetic force forbids the movement of electrons across the y-axis. Charges are accumulated on the lateral sides of the conductor. The lateral potential difference divided by the horizontal current defines a transverse resistance that increases linearly with the magnetic field. This is known as Hall's effect [3] . Since the motion of electrons in a conductor is generally twodimensional, a unified approach exhibiting this nature can be formulated using complex numbers. Such a formulation is shown recently to lead to interesting properties governing a two-dimensional system [4] . While dc conductivity is constant, ac conductivity varies with frequency. When a conductor is placed in a magnetic filed (B), Hall found that the conductivity along the y-direction varies with magnetic field. This magnetic conductivity is known as Hall's conductivity, H  . It is given by H ne B   [5] . At low temperature and high magnetic field, the Hall's conductivity of a two-dimensional conductor is found to exhibit a plateau behavior and is independent of the applied magnetic field, viz.,
where  is an integer [5] . Over the plateau regions the horizontal conductivity vanishes. The discovery of the quantum Hall effect (QHE) boosted the interest in studying the magnetic properties of the two-dimensional systems. Of these magnetic properties in two-dimensions is the magnetic flux quantization. In fact, the magnetic flux quantization was first noticed by London and Onsager [6, 7] . They showed that the flux embraced by the superconducting ring ought to be quantized in units of h e [6, 7] . They further inspired the suggestion that the quantization of the magnetic flux 
We express in this work the conductivity of conductors as a complex number with horizontal and vertical components. We further show that under low magnetic field, the horizontal conductivity reduces to the Drude's conductivity, whereas the vertical component becomes vanishingly small. However, under high magnetic field the horizontal conductivity is less than the value suggested by Drude's, while the vertical conductivity reduces to the Hall's conductivity. In addition, we recently hypothesize a maximum conductivity for conductors, viz. [8] . The Hall's conductivity is found to be equal to this maximum conductivity. Moreover, the quantum behavior of the two-dimensional Hall's conductivity is found to be a signature of the quantization of the magnetic flux enclosed by the conductor. In two-dimensions, the Drude's and Hall's conductances are equal. This shows that the relaxation time of a two-dimensional conductor is about two orders of magnitudes bigger than the one in three dimensions.
Hall's Conductivity
For a conductor with number density, n, the current density of the drifting electrons can be written as
However, Ohm's law states that
where  is the conductivity of the material.
Write the current density, electric field and conductivity as ,
, .
Applying Equation (2) in (1), and equating the real and imaginary parts of the resulting equation, one gets .
The vanishing component of the y-component of Lorentz's force yields
Moreover, since there is no current flow along the y-direction, i.e., , Equations (1) and (4) yield
and .
Hence, applying Equations (5)- (7) in (4) yields (8) where s  is the surface number density of the Hall surface, and is the conductor thickness. And since d
where is the conductor length (see Figure 1 ), Equations (6) and (8) become 
Now substitute Equation (12) in Equations (6) and (8) 
where H  is the Hall's conductivity. Now Equations (13) and (14) can be written as
and
where  can be neglected. We conclude that at low magnetic field, the vertical conductivity vanishes, and the conductor has only horizontal conductivity that is the Drude's conductivity, viz. Thus, the vertical mass of the electron decreases with increasing magnetic field, and hence, the vertical conductivity increases.
We can now define the x-and y-resistivities as 1 .
Using Equation (3), we obtain the two equations  is equal to the inverse of Drude's conductivity, whereas y  is equal to the Hall's conductivity. Consequently, the horizontal resistivity is independent of the magnetic field (but the 
Therefore, in high magnetic field ( t l ) so that electrons move with a bigger mass in the transverse direction than in the horizontal direction, and vice versa.
Using Equation (14) . We can thus define a perfect conductor in a magnetic field as the one with vertical conductivity equals to Hall's conductivity.
When the magnetic field is so high (usually at low temperature) the horizontal current will vanish, and all electrons accumulated on the Hall sides of the conductor. The vertical conductivity will be equal to the Hall's conductivity. Thus, the conductor behaves like an insulator horizontally and a perfect conductor vertically. 
where N is the number of electrons and A is the crosssectional area of the sample (conductor). Note that the total flux encapsulated by the conductor,  . Now (30) defines the ratio ( ) between the flux enclosed by the electrons and the total flux enclosed by the conductor. This implies that the total flux in the conductor is carried utterly by the electrons in the conductor. Thus, the total flux is quantized. Therefore,  must be an integer.
Equation (31) 
, is
. This is about two to three orders of magnitudes greater than that in three dimensions. The mean free path traversed by electrons in a conductor at room temperature, where electrons move with Fermi velocity, to be times that of the three dimensional conductors. In effect, one can regard the electron's velocity as increased by this proportion while the relaxation time remains the same. As apparent from Equation (28), one can regard the electron mass to be lighter by this factor, i.e., . This makes electrons appear to be quasi-relativistic. In such a case the Dirac's equation should be used to describe electrons instead of the Schrödinger's equation. Such a new situation is found to take place in graphene as demonstrated by Novoselov et al. [11] . 
Maximal Conductivity of Conductors
We have recently shown that the maximum conductivity of conductors (  ) is given by [8] . And since the number densities for typical conductors are in the range of , a magnetic field of is sufficient to provide such a limit! Remarkably, Equation (16) states the vertical resistivity has a limiting value which is the Hall's conductivity. Hence, Hall's conductivity represents the maximal conductivity of conductors.
Drude's Ac Conductivity
In the case of finite frequency (  ), the Drude's conductivity reads [2]  
